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Abstract 
 
 
 
In an attempt to reduce the costs and turn-around times experienced with outsourcing 
starch analysis in finished feed products, the company decided to invest in a NIR 
instrument to carry out such analyses in-house. The particular instrument purchased by 
the company comes with a build-in calibration for specific finished feed products and the 
main objective of this investigation was to evaluate whether the instrumentation and 
build-in calibration gives reliable analyses of a finished poultry feed. 
 
The results obtained showed that: 
 The NIR results obtained have a positive bias compared to the theoretical 
(formulation specified value) and also to the value obtained by enzymatic starch 
analysis.  
 Despite the positive bias, the starch values were well within the allowable limits. 
 Repeatability measurements on the data generated by two different analysts 
showed that while the percentage relative standard deviations obtained (< 1.0 %) 
were well within the company specifications of % RSD < 5.0 %, the inter-sample 
repeatability showed small, but significant variation.  
 The results for intermediate precision showed that there is no statistically 
significant difference between the results obtained by two different analysts, nor 
was there any difference in the results of the same samples analysed at different 
time periods.  
 Reproducibility could not be evaluated due to the lack of another instrument 
within the company that were similarly set-up as the instrument used for the 
investigation. 
 
This investigation has shown that, given the restrictions enforced by the build-in 
calibration of the NIR instrument, the use of NIR for the analyses of the finished feed 
product is valid, but will require that careful attention be paid to data collection 
procedures.  
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Chapter 1 
 
Introduction 
 
1.1 Background 
 
A Commercial Feed company is a South African based company manufacturing 
balanced animal feeds, concentrates and premixes for the local market as well as for the 
rest of the African continent. It is one of the leading animal feed companies in South 
Africa with five feed mills operating around the country. Ninety percent of the feed 
production is poultry feed. 
 
The company„s vision is to be known for the manufacture of animal feeds of high quality 
that meet market expectations and requirements both locally and globally. In order to 
fulfil this vision, it is important that the company has a reliable quality control centre or 
laboratory that uses globally acceptable and innovative analytical standards and 
methods. It is important that this Commercial Feed Company establishes quantitative 
testing or analysis methods for their product lines that are accurate, reliable, robust and 
affordable. 
 
Without focus on continuous improvement initiatives, the growth and success of any 
organization will happen on an ad hoc basis. To ensure continuous improvement of their 
products, formulation team members work closely with the Commercial Feed Central 
Laboratory where samples are sent from different Company‟s feed mills for various 
analyses. This is where the project described in this dissertation has been carried out. 
 
Commercial feeds are scientifically formulated for various animal feed requirements 
offering quality products that meet global standards. Careful analysis and testing of 
these formulations by the Commercial Feed Central Laboratory ensure compliance to 
quality standards, which is of major importance to the whole manufacturing process.  
 
10 
 
Currently, with the rise in feed manufacture and trade, major emphasis is on 
development and use of analytical methods to analyse finished feed1 known as a 
complete animal feed (complete animal feed is an animal feed which contains all the 
necessary nutrients in the correct quantities and proportions for a given physiological 
need of the animal as recognized by the Registrar and which meets the total daily 
requirements of an animal)2. These methods are used to analyse animal feed for the 
following nutrients: 
 Moisture 
 Ash 
 Crude Fat 
 Crude Fibre (incompletely digested carbohydrates) 
 Crude Protein 
 Starch and Sugar (readily digestible carbohydrates)  
 Vitamins  
 Minerals.  
The conventional analytical methods are slow and expensive and require highly skilled 
employees, and therefore traditional methods are not effective enough to satisfy the 
present requirements of the feed trade1.  A newer technique such as Near Infrared 
Spectroscopy (NIRS) is very useful for the rapid determination of major components 
namely proximate analyses (proximate analysis is a chemical method of assessing and 
expressing the nutritional value of a feed) in feed3.  As mentioned in many articles3, the 
major advantages of this technique lie in its speed, need for little or no sample pre-
treatment and the avoidance of the additional use of chemicals during analyses4, 5,  6, 7. 
Starch determination in feed is performed in only a few analytical laboratories in South 
Africa, hence outsourcing such analysis for wet chemical analysis has proven to be very 
expensive and time consuming. 
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1.2 Statement of the Problem 
 
Analysis of starch in feedstuffs (raw material, feed ingredient, material of vegetable or 
animal origin)2 is usually accomplished by enzymatic methods. This method relies on the 
estimation of hydrolysed glucose as a measure of the starch content in the sample, 
thereby distinguishing the starch from other carbohydrates8. 
 
To obtain accurate starch values, complete hydrolysis of starch to glucose and the 
specific measurement of the released glucose is required. However, interferences of 
monosaccharides other than glucose can overestimate the starch content9. 
 
An in-house standard enzymatic method for the determination of starch has produced 
inaccurate and inconsistent results when used by different laboratory technologists. The 
main problems in starch analysis have been found to be the incomplete dissolution and 
incomplete accessibility to enzymes10. The laboratory decided to evaluate other methods 
of determining starch in feed after years of outsourcing samples for analysis at high 
costs and increasing turnaround times for results. To this end, the company decided to 
purchase a Near Infra-red Reflectance (NIR) spectrophotometer for the quantitative 
determination of starch in feed samples. The instrument purchased, however, comes 
with a proprietary calibration already installed for various feed components such as 
protein, fat, and starch, and in order to comply with on-going supplier support, in-house 
amendment of calibrations is not provided for.  
 
1.3 Starch Analysis 
 
The term “starch” is used to describe a bio polymer system comprising predominantly 
two polysaccharides, amylose (20-30%) and amylopectin (70-80%). Nutritionally, starch 
is a carbohydrate that is used as a source of energy in animal feed diets11. Starch has 
been increasingly measured in animal feed and the analytical data obtained is used for 
formulation of optimal animal diets. 
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Carbohydrates are important in foods or feeds as a major source of energy, to impart 
crucial textural properties, and as dietary fibre which influences physiological 
processes.12On a dry basis, carbohydrates make up roughly 70-80% of the chemical 
composition of plants. It is also the main energy storage system in most plants. Sub 
groups of carbohydrates are sugars, starches, fructans, hemicelluloses and cellulose.  
 
The term “carbohydrate” covers a wide range of compounds that are chemically and 
structurally complex. For the purpose of both research and nutrition, important fractions 
(low molecular weight sugars, starch and various cell walls and also the storage non-
starch polysaccharides)13 are identified and their analytical determination is valuable. 
The importance of carbohydrate fractions has changed in dairy, equine, and human 
nutrition.  
 
In food and animal feed, starch being one of the major constituents, results in a need for 
a reliable determination of its content in a wide variety of sample matrices, ranging from 
starch in plants, feed and food14. 
 
1.4 Literature review 
 
1.4.1 Introduction 
The analysis of many agricultural and food products, uses near infrared reflectance 
spectroscopy (NIRS) for the rapid analysis of protein, moisture, fat, starch, sugar, fibre, 
grain texture and lysine. Osborne reported that the technique can also be used for the 
prediction of malting quality of barley, baking quality of wheat, and it can be used to 
measure the degree of starch damage in flour15. 
 
The Foss NIRSystem Model TR-3750 Feed and Forage analyser instrument owned by 
the company, manufactured by FOSS and supplied by Rhine Ruhr, a local South African 
supplier, is currently used in the company to analyse nutrients such as protein, fat 
moisture, sugar, starch and fibre in feed ingredients and finished feeds. 
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1.4.2 Main Discussion 
In his article, Wholey concluded that the most accurate methods for starch determination 
available are one of the available chemical methods (titration, gravimetric, colorimetric 
and enzymatic)16. Most starch analyses are enzymatic relying on the specificity of the 
enzymes to distinguish starch from other glucose containing carbohydrate17. 
 These methods require laboratory facilities, competent and trained personnel and is 
time consuming11. Rapid methods of starch estimation are required, which can be 
performed at the weigh bridge before offloading. 
 
1.5 Regulatory Aspects 
 
The Fertilizers, Farm Feeds, Agricultural Remedies and Stock Remedies Act, Act 36 of 
1947 provides for the registration of fertilizers, farm feeds, agricultural remedies, stock 
remedies, sterilizing plants and pest control operators, to regulate or prohibit the 
importation, sale, acquisition, disposal or use of fertilizers, farm feeds, agricultural 
remedies and stock remedies; to provide for the designation of technical advisers and 
analysts; and other related matters2. 
 
This Act requires the registration (explained in detail under part I of Farm Feeds 
Regulations) and use of all products under the control of the registrar of farm feeds. All 
products under this Act have a registration number designated to each finished product, 
and provide guidelines for production of animal feed that covers the following: 
 The additives (vitamins, colorants, flavourings, binders, and so on) authorized for 
the use in animal feed. 
 The maximum levels of various contaminants (e.g. arsenic, lead, dioxins, and 
certain pesticides). 
 Certain ingredients that may not be used in feed. 
 The nutritional claims that can be made for certain feeds. 
 The names and descriptions which must be applied to various feed materials. 
 Information to be provided on the feed label (explained in detail in Part IV of 
Farm Feeds Regulations in Act 36 of 1947). 
 Requirements for Animal Feeds. 
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 Sampling of farm feeds. 
 Analysis method. 
 Tolerances. 
 Guidelines in relating to ingredients and other products. 
 
In an animal feed production plant, delivered raw materials are tested for the basic 
important nutrients for acceptance or rejection. These include protein and moisture, so, if 
a product (raw material or finished product) fails one of these tests, it will not be 
offloaded in case of raw materials, or leave the factory if it is a finished product. Also 
when registering an animal feed with Act 36 of 1947, one needs to give the label 
information. Among the nutrients that must be listed on the bag label are: protein, 
moisture, fat, fibre, calcium and phosphorus. 
 
Animal feed manufacturers are responsible for ensuring the feed is truthfully labelled, 
does not contain unsafe additives or contaminants, and if the feed contains drugs, the 
drugs are approved by the FDA for use in animal feeds.  
 
Trade and Inspection of foods and feeds, and the use of accurate evaluation methods to 
analyse these foods and feeds aids effective functioning of the market and guards the 
safety of the animals and humans18. Food safety is monitored by the   Food Safety 
Management Systems (ISO 22000). 
 
1.6 Overview of Animal Feeds 
 
Animal production is a major sector in the South African agriculture industry and 
contributes substantially to the economy of the country. Animal science covers most 
aspects of animal production and animal products19. This includes all husbandry facets 
of livestock species (cattle, sheep, goats, pigs, poultry, ostriches and horses) and the 
products derived from them (meat, milk & dairy products, wool, mohair, eggs, skin & 
leather and feathers). 
 
Animal feed production is one of the largest agricultural sub sectors. The chain starts 
from animal feed - livestock farming – processing industry – retail – consumer. Ninety 
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present (90 %) of animal feed manufactures are members of the Animal Feed 
Manufactures Association (AFMA)20. The following are in order of highest feed 
production: 
 Cattle/sheep feed 
 Broiler feed 
 Layer feed 
 Dairy feed 
 Pig feed 
 Pet feed 
 Horse feed 
 Ostrich feed 
 Aqua culture 
 
High quality nutrition is a primary requirement for healthy farm animals with optimal 
production levels. Animals need a variety of nutrients to meet their basic needs. These 
nutrients include fats and carbohydrates that provide energy, proteins that furnish amino 
acids, vitamins that serve as co-factors for enzymes and perform other functions, macro 
and micro minerals that are required for water balance and for nerve and muscle 
function, and selected elements that are incorporated into certain molecules synthesized 
by cells. To determine the levels of nutrients that are needed to sustain normal activities, 
researchers monitor the relationship between nutrient intake, the levels of nutrients 
maintained in the body, and health. The supply of energy and nutrients via the diet must 
be balanced with the animal‟s feeding requirements. Feed evaluation systems ensure 
that this balance is achieved. 
 
The quality of the feed is mostly determined by the quality of the raw materials used to 
manufacture that specific feed7. The feed manufacturer ensures that its feed meets the 
requirements of the animal for maintenance, growth and production and there is a quality 
control of ingredients depending on climate, source and process. The feed is made up of 
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a number of raw materials that are all combined in different ratio‟s to form a perfect 
balance of all the nutrients. The bulk of many finished feeds mainly contain maize, soya 
oilcake, sunflower and wheat bran as major raw materials.  
 
The finished feed products that the lab frequently or routinely tests are divided into six 
animal groups, namely: 
 
 Poultry Feed 
As feed represents seventy percent (70%) of the live cost of producing poultry, it 
is very important to use only high quality feed that will ensure good performance 
of the birds. There are specialised ranges of feed to provide the most suitable 
diet for the layer, broiler and broiler breeder at different levels of production. A 
broiler chicken is a type raised specifically for meat production, whereas a broiler 
breeder is used to breed more chickens and the layer is chosen for laying eggs. 
 
Grains primarily serve as source of energy mainly from starch and fat, and they 
also contain some protein, vitamins and minerals. 
 
 Pig Feed 
Efficient and profitable swine production depends upon an understanding of the 
concepts of genetics, environment, herd health, management and nutrition. 
These factors interact with each other, and their net output determines the level 
of production and profitability.  
 
Feed represents sixty to seventy percent (60-70 %) of the total cost of pork 
production. Therefore, amino acids, carbohydrates, vitamins, minerals, and water 
must be provided and balanced to meet the pig‟s requirements. Thus, a thorough 
knowledge of the principles of swine nutrition is essential in order to maintain a 
profitable swine enterprise. Improvements in production have led to changes in 
nutrient recommendations in order to maximize performance.  
 
Pigs rely largely on feed having readily digestible carbohydrates to meet their 
energy needs. 
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 Horse Feed 
Horse feed is produced for competition, hacks, breeders and trainers. Horses do 
not have a specific requirement for cereal grains but they do have an absolute 
requirement for forage. Forages are consumed either fresh, as pastured, dried, 
as baled or cubed hay, or preserved in silos or plastic bags as haylage. 
Determining the quality as well as types of forages is very important. These 
requirements will vary with age, size, growth rate, reproductive status and 
performance level of the horse. 
 
The equine diet is composed of a mixture of plant materials, whether forage or 
grain. The objective of analysing carbohydrates in equine forages and feeds, in 
addition to determining energy, is to predict the glycaemic and fermentative 
characteristics. 
 
 Ruminants 
Feed raw materials are analysed regularly all year to ensure that the herd is 
supplied with a well-balanced ration throughout the lactation curve. Roughages 
should be analysed for fibre and fibre fractions like Acid Detergent Fibre (ADF) 
and Neutral Detergent Fibre (NDF) and which could impact on Dry Matter Index 
(DMI) significantly. Silages should regularly be analysed for starch and moisture 
levels to ensure the correct energy levels are delivered to the cows.  
 
Analysing raw materials on a regular basis enables the company„s nutritionists to 
balance the ration more accurately, minimizing over- and underfeeding so the 
herd receives the ideal nutrients it needs to produce optimally. 
 
Nutrients needs of a dairy cow vary immensely between the dry period and peak 
lactation. Requirements for the dry period can often be met with forages alone, 
whereas the peak lactation may require a considerable amount of high-energy 
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feed sources, such as feed grains and added fat sources, and bypass proteins of 
good amino acid quality. 
 
Feed consumption as well as feed type is largely dependent on the availability of 
on-farm raw materials and grazing. 
 
 Miscellaneous  Feed 
These are feeds produced for game, rodents, rabbits and pigeons. Maintaining a 
nutritional feeding strategy for them is equally as important as it would be when 
caring for larger animals. 
 Feed Concentrates  
These are a mixture of supplements and additives that are added to the basic 
ration of the animal feed. Feed additives are pharmaceutical or nutritional 
substances that are not natural feedstuffs that are added to made-up and stored 
feeds for various purposes, chiefly to control infectious disease or to promote 
growth.  
 
The use of additives in this way is strictly controlled by legislation. Feed 
supplements are nutritive materials which are feedstuffs in their own right and 
which are added to a basic diet such as pasture to supplement deficiencies. They 
include trace elements and macro packs such as protein supplements. More 
information is available in the Farm Feed Guidelines Tables, Annexure 9 
Guideline- Farm Feeds21. 
 
1.7 Analysis  and testing of Animal Feeds 
 
The analysis and testing knowledge of animal feeds is essential to optimize nutrient 
utilization in animal feeds and also for manufacturers to prepare feed mixtures suitable 
for different animal production systems (for an example to produce balanced compound 
feeds). 
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In order to direct strategies that guarantee a competitive, sustainable, environmentally 
friendly and food-safe agriculture, regulations require analytical and testing information 
for the animal feed. Knowledge of feedstuff composition is vital for the nutritionist, in 
order to meet precisely the nutrient requirements of animals, and also the chemical 
characteristics and the nutritional value of raw materials is fundamental in the planning 
of forage production on the farm so that crop yields can be balanced with the animals‟ 
requirements22. 
To provide both chemical and nutritional information, feedstuffs have been analysed in 
laboratories and together with animal-based studies, the resulting data so collected and 
compiled in Tables of feed composition23. Feed Tables and databases of feed 
composition and the nutritional value of feedstuffs can provide this information19. 
However, such collections of data are valuable only as long as they provide reliable and 
up-to-date information. 
 
Today, modern databases are powerful tools with which information can be rapidly 
retrieved, sorted, updated and printed. These databases are used as calibrations when 
verifying instruments. 
Composition of feeds and forages is variable. Feedstuffs vary because of genetic 
differences and as a consequence of feed processing. The variability of the analytical 
data also results from differences in the methodologies used to obtain the information. 
Chemical analysis procedures and animal study protocols may vary according to the 
laboratory or institute involved. Understanding the variation in chemical and nutritional 
characteristics of feedstuffs is vital to the effective use of feed information in livestock 
production18. 
The analytical data obtained from the feed analysis provides information for researchers 
to relate animal performance to feed characteristics; and for plant breeders to optimize 
the nutritive value of new varieties. Undesirable contamination which may have a direct 
bearing on the safety of animal feed is a major concern, therefore ISO 22000 provides 
guidelines for the monitoring of such contaminants prior to human and animal 
consumption.  
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In order to meet the nutritional requirements of livestock, a precise knowledge of 
feedstuff composition is necessary. Such information is particularly vital when trying to 
achieve the high levels of production required in today‟s competitive markets (where 
there is growing interest in quality, efficiency and the environment) through the 
preparation of balanced diets for the animals. 
 Many rapid analytical tests have been developed6 over the last few  years and are of 
use when faced with a need for quick decisions or when confronted by large numbers of 
samples, e.g. product lines, at entry points of shipments, trading situations, on 
contamination sites or in plant breeding programmes. 
There are two main methods for the analysis of feeds and forages: Instrumental and 
chemical analysis. Chemical analysis is the "standard" method of analysis, and NIR 
analysis is based on the results of chemical analysis. These two methods have their 
advantages and disadvantages; chemical analysis is a direct determination while NIR is 
an indirect determination.  
The current applications and future potential of NIR spectroscopy in the evaluation of 
foods for animals and humans is enormous. Where used, NIR spectroscopy has 
revolutionized the analysis and nutritional evaluation of animal feeds and human foods 
by providing a rapid means of examination. The availability of accurate and rapid 
methods of evaluation is becoming increasingly important to meet the nutritional 
requirements of animals for meat, milk, wool and egg production16.  
 
The major routine tests are the same tests which are a requirement of proximate 
analysis of feed. 
 
1.8 Research Hypothesis 
 
The commercially supplied NIR spectrophotometer with build-in calibration for starch in 
feed samples may be used to determine the starch content of poultry broiler post finisher 
feed accurately and reliably. 
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A poultry broiler post finisher feed sample was selected for the research simply because 
most of the feed produced by the manufacturing mills is for poultry (mainly broiler 
chicken). Feed is produced for all the growth phases of the broiler. The manufacturing 
mill produces different phases for chickens according to the broiler‟s production stages 
namely:  
 Starter – this is fed to the chick from day zero up to 12 days. 
 Grower 1 - is fed from 13 days to 17 days. 
 Grower 2 - is fed from 18 days to 23 days. 
 Finisher - is the fed from 24 days to 28 days. 
 Post Finisher is fed to the full grown broiler five days prior to processing (29 days 
to 33 days). 
Each production stage has certain raw materials formulated for that feed to meet the 
requirements of the broiler for growth and production. These raw materials are analysed 
prior to the manufacturing process. 
 
Broiler Post Finisher is fed to meat producing poultry and is consumed five days prior to 
processing. There are no medications added to the post finisher feed when being 
manufactured and it cleanses the system prior to processing. This is according to the 
farm feeds regulations Table 9.9 (a) and (b)2. This Broiler Post Finisher feed should be 
of high quality and all the required nutrients (Annexure 9. Farm Feed Guideline Tables in 
guidelines for Farm Feeds)2should be determined and tested for accurately. 
 
1.9 Research Objective 
 
When the research is complete, the aim of the laboratory is to have the ability to provide 
timely, accurate and reliable results in a test laboratory whether servicing odd clients or 
other manufacturing industries.  
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1.9.1    Main Objective 
This project involves an evaluation of the quantification of starch content in a specific 
animal feed using a dedicated NIR system that is provided with a build-in calibration for 
starch analysis in animal feedstuffs. The approach followed will be sampling from 
different batches of the selected feed, analysing the samples using NIR to determine the 
starch percentage content, and comparing these results to the results of duplicate 
samples outsourced for wet chemical determination of the starch content. 
1.9.2   Plan 
a) Equipment selection 
The in-house NIR equipment that was purchased by the company, together with 
its build-in calibration, was used for NIR starch analysis.  
b) Equipment qualification 
Prior to commencement of the evaluation, the supplier was requested to ensure 
that the equipment is in a validated and calibrated state. 
c) Sample selection 
An arrangement was made with the production manager to specifically sample 
the selected feed according to the sampling procedures followed by the 
company. 
d) Equipment and Calibration Validation 
A protocol document will be prepared for the evaluation of the equipment and it‟s 
build-in calibration using one specific feed that will be sampled and analysed 
under different conditions, and the results so obtained will be compared with 
results obtained from wet chemical analysis for the same samples that will be 
outsourced to a verified contractor. 
 
1.9.3   The Method Validation Plan 
1. System (instrument) check: The instrument will first be checked for  its 
suitability and sensitivity by performing a diagnostics performance test that 
run 10 cycle checks and show a report for the following: 
 Wavelength test 
 Bandwidth test 
 Noise test (NIR) 
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All these tests should give a report with a pass status. The second check will be 
a scan using a check cell with known values. The results should be within the 
limits and the specifications built in for the check cell.When all these reports 
comply, the instrument is deemed fit for use. 
 
2. Accuracy: The accuracy of a measurement system is the degree of closeness 
of measurements of a quantity to its actual (true) value24. In the present 
evaluation, starch values obtained from NIR measurements will be compared 
to the results obtained from the present “industry standard”, namely 
enzymatic analysis, as well as to the theoretical value for starch according to 
the feed formulation. 
3. Precision:  
 Repeatability: Repeatability expresses the precision under the best 
possible circumstances (i.e. within the same laboratory, by the same 
analyst, by the same instrument, and within one day when possible) 
and measures the size of the random error included in the method 
results. Statistically, the precision is the dispersion of results around 
the mean, irrespective of whether the mean is a correct representation 
of the true value. Repeatability is also termed intra-assay precision. 
 Intermediate precision: Intermediate precision is a sub-component of 
repeatability, and expresses within-laboratories variations: different 
days, different analysts, different equipment, etc. 
 Reproducibility: Reproducibility is the precision obtained under the 
worst possible circumstances (i.e., in different laboratories, by 
different analysts, using different instruments, within a long time 
interval) and measures the size of the random error included in the 
method results. Statistically, precision is the dispersion of results 
around the mean, irrespective of whether the mean is a correct 
representation of the true value. 
In the present investigation, repeatability will be measured on the same 
samples as a function of analyst and time 
24 
 
           4. Range: The “Range” is that range of concentration levels for which validation 
parameters such as repeatability, accuracy, linearity, etc. have been 
evaluated and verified. 
 
  In the present investigation it was not possible to evaluated “range” in the true 
sense. However, an indirect measurement of “range” was made by analysing 
the individual feed components that span a wide range of starch 
concentrations, and the using the formulation formula to estimate the 
closeness of agreement between final feed starch values against calculated 
starch values based upon the individual component starch values. 
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Chapter 2 
Experimental 
 
2.1 Introduction 
 
An accurate evaluation of foods for animals and humans is becoming increasingly 
important as discussed in the preceding Chapter. It has been recognized that accurate 
and biologically meaningful feed characterization is essential for efficient animal 
production with minimal environmental impact because feed represents the largest cost 
associated with animal production18. This is essential for the health of the animals and 
also from an economic viewpoint.  
 
Examination of raw materials and compound feeds, forage and feed evaluation has 
demonstrated the vital role Near Infrared Spectroscopy (NIRS) has played in the past 
years25. 
 
The quality of feed is best defined in terms of the value of the feed in production of milk, 
meat and wool  versus feed intake,  but when fed to animals, the time, expense, labour 
and the amount of feed required for animal feeding trials limits such an approach to the 
routine evaluation of feed samples25. Predicting the feeding value on the basis of 
chemical composition and in vitro digestibility using laboratory methods is also 
expensive and time consuming7. Infrared reflectance techniques have been developed 
for rapid prediction26 of chemical composition due to the costs associated with the 
comprehensive analysis of animal feed27.  
 
A standard in-house enzymatic method for the determination of starch has produced 
inaccurate and inconsistent results when used by different laboratory technologists. As 
hypothesized in the preceding Chapter, NIR spectroscopy may be used to determine the 
starch content of the poultry broiler post finisher feed accurately and reliably. 
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Starch is a major energy yielding component of cereal grains, which are important diet 
components used in ruminants (for intensive milk and beef production)28 and its content 
in feed is used to check the variable ruminal (occurring in the rumen, the largest 
stomach in ruminants) starch digestibility and ruminal acidosis (excess acid in the 
rumen)29. Starch is also used in monogastic diet (diet for animals with one stomach, for 
an example poultry and pigs). Due to the high proportion of starch in the pig and poultry 
diets, the starch analysis helps to study the feed factors that may influence the digestion 
of starch in their gastrointestinal tract (the food passage tube that extends from the 
mouth to the anus)30. Due to its influence on animal nutrient supply, starch in particular 
has received research attention30. 
 
Accuracy, repeatability and robustness are important factors when selecting a method 
for the determination of starch in animal feeds and known analytical defects should be 
avoided. Variation in accuracy, repeatability and ease of use, limit many starch analysis 
methods30. 
The preferred method for analysis of non-traditional feedstuffs is wet chemistry because 
it more accurately measures the nutrient content6 and analytical procedures are 
standardized for each nutrient test. However, NIR analysis is an inexpensive and rapid 
alternative 27,4,5,31,32,33 best suited for the analysis of agricultural feed products since 
prediction equations for these feedstuffs are plentiful.  
 
2.2 Background on general near infra- red spectroscopy (NIRS). 
Infrared spectroscopy is a type of absorption spectroscopy that is used to provide 
information on the molecular vibrations and rotation in the molecular structures of solid, 
liquid and gaseous molecules by interpreting spectral information. 
NIRS is a spectroscopic method which uses the near infrared region of the 
electromagnetic spectrum (from about 800 nm to 2500 nm). Analysis of feedstuffs, 
pharmaceuticals and combustion products are included in the typical applications of 
NIRS34 and this technique also forms a major branch of astrophysical spectroscopy. 
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This technique is based on molecular overtones and combination vibrations. Such 
transitions are forbidden by the selection rules of quantum mechanics. As a result, the 
molar absorptivity in the near infrared (IR) region is typically quite small. One advantage 
is that NIR can typically penetrate much further into a sample than mid infrared radiation. 
Near infrared spectroscopy is therefore not a particularly sensitive technique, but it can 
be very useful in probing bulk material with little or no sample preparation. 
The identified molecular overtone and combination bands seen in the near infrared (IR) 
are typically very broad, leading to complex spectra.  It can be difficult to assign specific 
features to specific chemical components. Multivariate (multiple wavelength), calibration 
techniques such as principal components analysis or partial least squares are often 
employed to extract the desired chemical information. Careful development of a set of 
calibration samples and application of multivariate calibration techniques is essential for 
near infrared analytical methods35. 
Instrumentation for NIRS is partially similar to instruments for the visible and mid-IR 
ranges. There is a source, a detector, and a dispersive element (such as a prism, or 
more commonly a diffraction grating) to allow the intensity at different wavelengths to be 
recorded. Fourier transform NIR instruments using an interferometer are also common, 
especially for wavelengths above ~1000 nm.  
Depending on the sample, the spectrum can be measured in either reflection or 
transmission mode. The type of detector used depends primarily on the range of 
wavelengths to be measured. 
Karl Norris is cited as the most prominent person in NIR spectroscopy as a result of his 
work in the agricultural industry30and he designed the two types of NIR instruments that 
established the technique commercially.  
 
In the earlier years he found that the technique has extensive application for the analysis 
of constituents of agricultural crops, feeds, and foods27. Once a calibration is obtained, 
NIR spectroscopy is an analytical technique that is rapid, requires very little labour, and 
does not require chemicals or create chemical waste10. 
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2.3 Equipment used 
 
NIR has been used in the agricultural industry for the determination of starch and non-
starch polysaccharides, fat and oil, metabolizable energy, insect or weedseed 
contamination in feed grains36 and for the analysis of dried forages10. It can also be used 
to identify feeds and perform authenticity checks.  
 
The model NIRSystems 5000 series used in this work is equipped with a pre dispersive 
monochromator (which means that the light is monochromated before it illuminates the 
sample). The reflected light is measured by the detectors placed close to the sample at a 
45o angle. The Foss NIR 5000, Model name (NIRSystems Feed & Forage Analyser 
Model TR 3750 C), Trade name (Sample Transport Reflectance Only) has the following 
features: 
 Fast and easy operation; 
 No sample preparation, many samples can be analysed without drying and 
grinding; 
 User friendly interface with the ISI software;  and  
 Analysis of complete feeds and raw materials. 
 
It uses a sample handling mechanism that accepts cups for ground samples, 
ungrounded samples and liquids.  
The equipment features are:  
 Scanning range of 1100 – 2500 nm; 
 Scanning speed of 1.8 scans /second; 
 Operating Temperature 15-32oC, nominal; 
 Detector Lead Sulphide 1100 -2500 nm; 
 Spectral bandwidth 10nm +/- 1nm Reflectance. 
 
The instrument comes with ISIscan which is a dedicated routine operation software 
package for the routine operation of NIR spectrometers from FOSS. ISIscan offers a 
very user friendly interface and includes all the necessary features for routine analysis 
like ISI standardization, instrument diagnostics, real time outlier detection, bias /slope 
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adjustment, calibration monitoring and linked to Laboratory Information Management 
System (LIMS) for import/export of data. 
 
ISIscan contains two sets of diagnostic tests: 
1. Routine test which include the check cell and performance test. These are 
designed to routinely monitor the instrument to ensure that it is performing 
correctly. This is performed daily prior to the actual analysis of the sample. 
a) Routine check cell plays a critical role in determining the condition and the 
performance of the instrument and is used to ensure that the instrument is 
operating properly. Check cell will demonstrate the reproducibility and 
repeatability abilities of the instrument. 
 
Check cell target values 
Analysis Mean Deviation 
Protein 46.60 +/- 0.30 
Fat 2.00 +/- 0.10 
Crude Fibre 3.50 +/- 0.30 
Dry Matter 91.50  +/- 0.10 
Table 1: Check cell Specification Table 
 
b) Performance test combines three separate measurements of the instrument 
performance into one test. These tests are run iteratively for a specific number of 
cycles after which the data collected is calculated and reported. Normally the 
performance test is set up to run ten cycles.  
 
The performance test also tests the condition and the performance of the instrument and 
demonstrates that the instrument is operating according to the manufacture‟s 
specifications. 
 
The instrument will measure first its suitability and sensitivity automatically by performing 
a diagnostics performance test that run test cycle checks and show a report for the 
following: 
 Wavelength test is determined by scanning the internal standards containing well 
defined and characterized spectral peaks. The position of the peaks on the 
tested instrument is compared to the known position, and the wavelength 
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accuracy is calculated. Specifically polystyrene is used to test the NIR region 
from 1100 to 2500nm. Once the wavelength accuracy has been calculated, the 
performance test determines if the instrument is set up correctly or needs 
wavelength linearization performance. 
 Bandwidth test is a measurement that is calculated from a specific peak in the 
polystyrene scan. The bandwidth should fall within a specific range for an 
instrument. 
 Noise test (NIR) is a measurement of the instrument noise present in the 
background of acquired data. The instrument noise is calculated by taking two 
reference scans sequentially and comparing one to the other. A root mean 
square (RMS) calculation is made between the two and the value is reported in 
milli-absorbance (mA) units. In an ideal situation the reference scans would be 
identical and the noise would be zero. 
2. Advance test is used to set up the instrument as well as for advanced 
troubleshooting. 
The operator should see a report with a pass status.  If, however one or two of these test 
fail, the instrument needs troubleshooting. 
 
2.4 Materials and Method 
 
2.4.1 Sampling 
Broiler post finisher feed was used for this study and the samples were received from 
the plant mill laboratory. 
 
A random selection of 10 samples from a batch of finished feed with single mix number 
(824.1/1.1 created on 19/03/2009) was sampled according to the operational sampling 
procedure from the final product loaded into a four compartment truck. The four 
compartments of the truck were sampled by a trained sampler using a three meter probe 
to form four lot samples. The probe sample is inserted closed till it reaches the bottom of 
the truck, then the sampler opens the probe to collect samples at various levels of the 
loaded sectioned truck, close the probe and draws it back to decant the sampled 
material. These lot samples (a quantity of a commodity that constitutes a unit and which 
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is presumed uniform) were mixed to form a composite sample (a sample that consists of 
a combination of single samples from a particular lot) and this sample was split to get the 
best representative sample and the resultant was considered the final sample 
(representative portion of a composite sample). 
 
Ten samples were randomly sampled from the final sample to form the analysis 
samples. The collected samples were stored in sealed plastic bags, air was removed, as 
much as possible to prevent moisture loss and sample deterioration. 
Figure 2.4.1 below illustrates the sampling plan schematically. 
 
 1 
 
 
 2 
 3 
 
  
 4  
 
1. Four compartment lot samples. 
2. Composite sample. 
3. Final sample. 
4. Analysis sample. 
Figure 1: Schematic illustration of the sampling plan for the Broiler Post Finisher Feed. 
 
2.4.2 Sample Preparation 
For the study, samples were milled using a Retch Centrifugal Mill (Model: Mill 56/2004). 
Each feed sample was slowly passed through a 1mm size sieve and milled at a rotation 
speed of 10 000 rotations per minute (rpm). The milled sample was then used for 
analysis to produce NIR spectra. 
 
Sample cells used were the Quarter cup which can be used for ground and coarse 
ground samples. These are approximately 100 x 55mm or +/- 50 grams in size. They 
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come with paperbacks and a sealed version is used for a check cell. The sample size is 
approximately +/-10 grams. 
 
For a sample to give a relatively smooth and homogeneous surface for reflection and 
increased precision, even though much simpler and more rapid than traditional analytical 
methods, grinding a sample to a fine particle size is typically required for NIR reflectance 
spectroscopy27. NIR spectra can be adversely affected by the packing density, residual 
moisture content and the variation in particle size, therefore consistent sample 
preparation is required11.  
 
Sample packing for scanning: The milled sample was spread and pressed evenly to 
avoid air locks and ensuring uniformity inside the sample cup using a spatula.The cup 
was closed with the paperback and ready for scanning. 
 
 
2.5 Analysis 
 
2.5.1 Introduction 
NIR technology is used more and more each day in the laboratories due to the short 
time it takes to analyse a sample as well as for the high level of reliability. The main 
advantages of the NIRS technique are high efficiency, low cost and simultaneous 
quantification of several traits in one measurement. These advantages make it an ideal 
technique for large plant breeding programs where large numbers of samples need to be 
screened in a timely manner. Strong relationships of NIR data with several important 
starch quality indexes including physiochemical quality, pasting and thermal properties 
were found, and it is believed that NIR analysis is sufficiently accurate for routine 
screening of large numbers of samples16. 
 
Samples from inter-laboratory trials or check samples from proficiency trials, certified 
reference materials or in-house reference materials are usually used to fully validate a 
method or procedure10. 
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2.5.2 Experimental Procedure 
 The NIR instrument was set up according to the instrument operating procedure 
and the pre instrument checks discussed in section 2.3 were done. 
 The samples were prepared according to the description in section 2.4.2 above. 
 The samples were analysed using the NIR in the Scanning range of 1100 – 2500 
nm, and the data retrieved was statistically evaluated by the built in ISIscan 
software which converts the spectral data into percentage values for each 
sample. 
 These starch values were transferred from the instrument computer to Excel 
windows program for further data analysis. 
 
2.5.3 NIR Calibration and Evaluation 
2.5.3.1 Calibration 
Before any feed can be analysed using NIR analysis, hundreds of calibration samples of 
the same feed type must be analysed using standard laboratory wet chemistry methods 
and then tested using NIR30. By relating the results from the standard analysis to NIR, a 
calibration set of data for the NIR instrument is developed. This is critical for accurate 
results. Due to the potential costs involved in setting up and maintaining a reliable 
calibration, this service is provided by the instrument supplier in the present case. The 
following is a brief description of their process (but not the actual data and results which 
the company regards as proprietary information). 
2.5.3.1.1 Calibration process/ steps for the NIR equipment followed: 
1. Both NIR and wet chemistry data of a product is needed. 
2. The data (NIR and wet chemistry) is combined and statistically analysed in 
a program called WINISI. This is a program designed for the NIR 
calibration process evaluation. 
2.1 Outliers are identified statistically and removed from the data set 
2.2 Spectra are analysed and a 3 D graph is produced. 
3. Regression equations are calculated by the WINISI program using    
Modified partial least Squares. 
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4. The equation is then tested by calculating predictions from the NIR data 
and comparing with the original wet chemistry data. The report should 
contain the following: 
4.1 The product nutrients (for example starch and sugar). 
4.2 Number of samples analysed to produce data (starch and sugar 
results). 
4.3 Mean (average of wet chemistry data). 
4.4 Standard Deviation (SD). 
4.5 Standard error of calibration (SEC). 
4.6 Correlation of laboratory data with calculated NIR data (RSQ or R2). 
4.7 Standard error of cross validation (SECV). 
4.8 One minus variance (1-VR). (The equation that gives the lowest SEC 
and highest 1-VR would be the best equation to use). 
5. The selected equation is then tested again and bias adjustments are 
made were necessary. 
6. If the equation performs satisfactory, it can be transferred to the NIR 
computer and loaded into ISIscan. 
7. ISIscan will then use the equation to calculate the nutrient values from the 
spectra when a sample is scanned. 
To improve the accuracy of an equation obtained as described above, new data is 
continuously added to expand the equation. 
2.5.3.1.2 Reference samples used 
A check cell was used as the instrument reference sample. This sample is 
scanned every time the instrument is used for analysis. The check cell sample 
used was the ISI AG Food Standard Quarter Cup check Cell, SN 51458T with the 
following known parameters. 
 
 Protein = 46.60% 
 Fat = 2.00% 
 Crude Fibre = 3.50% 
 Dry Matter = 91.50% 
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2.5.3.2 Evaluation 
The instrument and calibration evaluation plan was followed as explained in the 
preceding Chapter. 
 System (instruments) checks were done in the following manner 
 The instrument was serviced before the research began.  
 Calibrations were expanded by the instrument supplier by adding new data to 
improve accuracy prior to the commencement of the project. 
 Routine system checks (performance test and check cell test explained in section 
2.3 above). 
 Accuracy was performed by calculating percentage biases from the collected 
data (Each sample was scanned thirty six times over a spread of five weeks), 
using the average result from each of the ten samples, percentage biases were 
calculated using the known formulated starch content of the feed as the 
reference actual value versus the practical value obtained when determined 
using the NIR instrument. 
 Precision was performed by testing the instrument for repeatability and 
reproducibility. 
 Repeatability was tested by analysing the same samples over a spread of 
two weeks under unchanged conditions. Collected data was then 
evaluated and checked for evidence of repeatability. 
 Reproducibility was tested by analysing the same samples under unchanged 
conditions but with a different operator on another day. Collected data was then 
evaluated and checked for an evidence of reproducibility. 
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Chapter 3 
 
Results and Discussions 
 
3.1 Introduction 
 
The objective of the validation of the NIR method, as in the case with the validation of 
any analytical procedure, is to demonstrate that the method is suitable for its intended 
purpose.  
 
Validation is generally achieved through the assessment of specialized (chemometric) 
parameters which can be related to the fundamental validation characteristics required 
for any analytical method. In view of the specific limitations of this study, namely the 
build-in calibration of the NIR instrument, only a limited number of validation parameters 
could be evaluated. These include accuracy (which was measured by comparing the 
NIR results to the results of the standard enzymatic method of starch analysis), 
repeatability (measured by comparing NIR results over 10 replicate samples analysed in 
a single day), Intermediate precision (measured by comparing replicate samples 
measured over different days), and reproducibility (by measuring the repeatability of 
replicate samples analysed by two different operators). The range over which the NIR 
instrument potentially gives accurate, precise, and reproducible results could not be 
measured directly. An indirect measure was, however, used by measuring the starch 
contents of the individual components that made up the feed formulation, and using the 
feed formulation formula to calculate the corresponding final feed. Differences between 
the actual starch value and the calculated starch value would suggest that the method 
does not measure accurately over a range of starch concentrations since the individual 
feed components have starch values that are lower and higher than the final feed 
formulation. 
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3.2 Results and Discussion 
The starch results obtained by NIR analysis using the build-in instrument calibration for 
the individual feed components, and the final feed samples are summarised in 
Addendum 1 and Addendum 2, respectively. The results for the 10 feed samples, which 
were combined to give a single analysis sample, by enzymatic starch analysis are 
summarised in Addendum 3. 
3.2.1 Statistical analysis of data 
The collected data was first subjected to analysis using descriptive statistics using 
Microsoft Excel 2007 software. Table 2 summarises the key attributes for the final feed 
sample data, while Table 3 summarises the same attributes for the feed component 
data. 
 
Table 2: Descriptive statistics: Final feed sample data 
 
 S 1 S 2 S 3 S 4 S 5 S 6 S 7 S 8 S 9 S 10 
Sample Size 37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00 37.00 
Conf Level 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 
Mean 43.05 41.26 40.67 41.77 41.49 40.73 40.86 41.08 40.85 40.82 
Variance 0.08 0.09 0.05 0.07 0.04 0.15 0.05 0.07 0.11 0.14 
SD 0.27 0.30 0.22 0.27 0.19 0.39 0.22 0.27 0.33 0.38 
Sample LCI 42.50 40.65 40.23 41.22 41.10 39.94 40.40 40.53 40.19 40.06 
Sample UCI 43.61 41.87 41.12 42.33 41.87 41.51 41.31 41.62 41.51 41.58 
SEM* 0.05 0.05 0.04 0.04 0.03 0.06 0.04 0.04 0.05 0.06 
*Standard error of the mean 
 
Table 3 : Descriptive statistics: Feed component data 
 C 1 C 2 C 3 C 4 
Sample Size 36.00 36.00 36.00 36.00 
ConfLevel 0.95 0.95 0.95 0.95 
Mean 5.34 7.31 24.69 64.06 
Variance 0.25 0.04 1.00 0.24 
SD 0.50 0.19 1.00 0.49 
Sample LCI 4.33 6.92 22.66 63.07 
Sample UCI 6.35 7.70 26.72 65.05 
SEM 0.08 0.03 0.17 0.08 
It may be noted from Table 3 that the error variance for the feed component data 
appears to be somewhat larger than that observed for the final feed sample data (Table 
38 
 
2). In order to establish whether the data in the two data sets are normally distributed, 
several normality tests were carried out on the data within each sample or component 
set. Figures 2 and 3 firstly show comparative histograms of the data in each data set as 
compared to the expected normal distribution of the data. 
 
Figure 2 : Histogram: Final feed sample data 
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Figure 3: Histogram: Feed component data 
 
 
The results of the formal normality distribution tests are summarised in Tables 4 and 5 
for the two data sets respectively. 
 
Table 4 : Normality test probability: Final feed sample data 
Test 
P-value 
S 1 S 2 S 3 S 4 S 5 S 6 S 7 S 8 S 9 S 10 
Shapiro-Wilk 0.553 0.036 0.814 0.608 0.920 0.792 0.731 0.201 0.042 0.372 
Lilliefors 0.200 0.077 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 
Anderson-
Darling 
0.605 0.057 0.740 0.870 0.924 0.850 0.777 0.096 0.051 0.613 
D'Agostino 
Kurtosis 
0.927 0.120 0.949 0.331 0.401 0.583 0.877 0.910 0.725 0.089 
D'AgostinoSke
wness 
0.305 0.246 0.949 0.680 0.928 0.967 0.397 0.494 0.073 0.858 
D'Agostino 
Omnibus 
0.589 0.152 0.996 0.573 0.700 0.859 0.690 0.786 0.188 0.231 
Jarque-Bera 0.612 0.314 0.951 0.631 0.706 0.790 0.686 0.807 0.222 0.493 
 
Table 5 : Normality test probability: Feed component data 
Test S 1 S 2 S 3 S 4 
Shapiro-Wilk <0.001 0.060 <0.001 <0.001 
Lilliefors 0.016 0.200 <0.001 0.004 
Anderson-Darling 0.003 0.056 <0.001 <0.001 
D'Agostino Kurtosis 0.001 0.462 0.029 <0.001 
D'AgostinoSkewness <0.001 0.038 0.646 <0.001 
D'Agostino Omnibus <0.001 0.088 0.082 <0.001 
Jarque-Bera <0.001 0.151 0.075 <0.001 
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In the case of the final feed sample data there is no evidence that the data per sample is 
not normally distributed since only samples 2 and 9 fails one (Shapiro-Wilk) of the 
normality tests (P < 0.05). The same two samples, however, passes all the other tests 
and normal distribution of data must therefore be accepted. 
In the case of the feed component sample data, however, all four component data sets 
fail most of the normality tests (P < 0.05), hence in this case normal distribution of data 
cannot be accepted and any further statistical tests on this data set would need to make 
use of non-parametric tests. 
Following the tests for normality, the two data sets were evaluated for any outliers using 
the Grubbs test for outliers. The results of these tests for the feed sample data showed 
no outliers within any one of the ten individual samples. However, when the averages of 
the 10 samples were subjected to the Grubbs test, sample no. 1‟s overall average over 
the 36 measurements gave a positive response for an outlier (P-value = 0.008). As a 
result, sample 1 need to be excluded from the data set for further analyses. The most 
likely explanation for the consistently higher starch values observed for sample 1 of the 
ten final feed samples probably relates to the sampling procedure. As indicated above, 
none of the individual measurements for sample 1 (36 measurements in total) gave an 
extraneous result. 
For the feed component data set, the data points for the day 9 analysis for components 
1, 3, and 4 proved positive outliers within each of the component data sets (P-values of 
0.0004, 0.036, and 0.0000015 respectively). As a result, the entire analysis for day nine 
within the feed component data set need to be excluded from further analysis. 
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3.2.2 Evaluation of method accuracy 
Method accuracy were evaluated by comparing the results obtained for samples 2 – 10 
of the final feed samples to (a) the expected starch value based on the formulation used, 
and (b) the result for the starch content of the final feed obtained from the standard 
enzymatic starch analysis method. Table 6 summarises the results of the method bias 
for both analysts that used the NIR method to analyse the final feed samples. 
 
Table 6 : Relative bias of NIR method 
Analyst N No. 
Mean NIR 
Starch % 
Expected 
Starch % 
Enzymatic 
Starch % 
Rel. Bias 1 
(%) 
Rel. Bias 2 
(%) 
Analyst 1 31 2 41.23 39.69 39.93 3.87 3.25 
Analyst 1 31 3 40.65 39.69 39.93 2.42 1.81 
Analyst 1 31 4 41.71 39.69 39.93 5.10 4.47 
Analyst 1 31 5 41.52 39.69 39.93 4.61 3.99 
Analyst 1 31 6 40.73 39.69 39.93 2.62 2.01 
Analyst 1 31 7 40.89 39.69 39.93 3.04 2.42 
Analyst 1 31 8 41.05 39.69 39.93 3.44 2.82 
Analyst 1 31 9 40.94 39.69 39.93 3.14 2.52 
Analyst 1 31 10 40.81 39.69 39.93 2.81 2.19 
        
Analyst 2 5 2 41.49 39.69 39.93 4.54 3.91 
Analyst 2 5 3 40.85 39.69 39.93 2.93 2.31 
Analyst 2 5 4 42.17 39.69 39.93 6.26 5.62 
Analyst 2 5 5 41.31 39.69 39.93 4.08 3.46 
Analyst 2 5 6 40.75 39.69 39.93 2.68 2.06 
Analyst 2 5 7 40.67 39.69 39.93 2.46 1.85 
Analyst 2 5 8 41.24 39.69 39.93 3.91 3.29 
Analyst 2 5 9 40.35 39.69 39.93 1.66 1.05 
Analyst 2 5 10 40.97 39.69 39.93 3.21 2.59 
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Notes: No. = Sample number of final feed sample; Rel. Bias 1 = the bias calculated against the expected 
starch value from the formulation Tables; Rel. Bias 2 = the bias calculated against the starch value 
determined by enzymatic starch analysis. 
From the results summarised in Table 6 above it is clear that the NIR method of starch 
analysis (using a build-in calibration for the starch analysis) gives a positive bias relative 
to both the expected value, and the actual value determined by an alternative standard 
method. The average % bias for analyst 1 was 3.45% against the expected value and 
2.83% against the enzymatic starch value. For analyst 2 these averages are 3.53% and 
2.90%, respectively. Guidelines published in the Government Gazette for the analysis of 
farm feeds2allow a deviation of 5.2% in the starch value from the specified value (as per 
formulation specification which is 2.06% in the present case). This means that even 
though the NIR method proved to have a consistent positive bias, the starch value 
derived from NIR analyses still fall within the allowable range of 39.69 % ± 2.06% as the 
average starch contents of the final feed determined by NIR analysis was 41.06 % ± 
0.096% for analyst 1, and 41.09 % ± 0.24 % for analyst 2 (Figure 4). Thus, for the 
purpose of the analysis of the particular formulation of poultry feed, the NIR method can 
be deemed accurate. 
 
Figure 4: Graph of sample means  
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3.2.3 Precision of NIR method 
Only two aspects of method precision were evaluated, namely method repeatability, and 
intermediate precision. For the latter a variation in both the analyst and the time of 
analysis were investigated. 
3.2.3.1 Repeatability 
The in-house requirement for repeatability requires that the % relative standard deviation 
be less than 5.0%. Table 7 summarises the results of the % RSD‟s for each of the nine 
final feed samples. For analyst 1 the data collected on a single day (day 21) were used, 
while for analyst 2 the data collected on day 35 were used. 
 
Table 7: Table of percentage RSD‟s 
Sample 
Analyst 1 (n=31) Analyst 2 (n=5) 
Mean Std.Dev. RSD (%) Mean Std.Dev. RSD(%) 
2 41.23 0.29 0.71 41.49 0.28 0.68 
3 40.65 0.23 0.55 40.85 0.10 0.25 
4 41.71 0.24 0.57 42.17 0.09 0.21 
5 41.52 0.18 0.43 41.31 0.18 0.43 
6 40.73 0.42 1.03 40.75 0.13 0.31 
7 40.89 0.23 0.55 40.67 0.08 0.20 
8 41.05 0.28 0.68 41.24 0.10 0.24 
9 40.94 0.25 0.62 40.35 0.30 0.74 
10 40.81 0.39 0.97 40.97 0.24 0.59 
Since the percentage RSD‟s of all the samples, irrespective of analyst, is below the 
criterion, the method may be regarded as repeatable.  
Despite the fact that the method can be regarded as having met the in-house criterion of 
repeatability, it should be noted that there is still a statistically significant variation 
between the different samples. The results of a one-factor ANOVA analysis done on the 
five replicates of the nine samples (Table 8) clearly show the difference between 
samples (P-value < 0.05). 
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Table 8 : One-factor ANOVA: Analyst 1‟s day 21 results 
Source of Variation Sum of error 
Squares 
Degrees of 
freedom 
Mean 
squares 
F-value P-value 
Between Groups 8.81 8 1.10 79.62 1.46 x 10
-20
 
Within Groups 0.50 36 0.01   
      
Total 9.30 44    
 
3.2.3.2 Intermediate precision 
As indicated previously, intermediate precision was evaluated by comparing the results 
of the NIR analysis of the final feed samples across different days, and between two 
different analysts. Table 9 below shows the results for the comparison of the 
equivalence of the standard deviations of the results for samples 2 to 10 for the final 
feed samples produced by the two analysts by using F-tests. 
 
Table 9: Comparison between two different analysts 
Sample No. 
Std. Dev. Std. Dev. 
F-ratio p-value 
Analyst1 Analyst 2 
2 0.29 0.28 1.07 1.0000 
3 0.23 0.10 4.93 0.1302 
4 0.24 0.09 7.01 0.0704 
5 0.18 0.18 1.04 1.0000 
6 0.42 0.13 10.62 0.0329 
7 0.23 0.08 7.77 0.0585 
8 0.28 0.10 7.63 0.0603 
9 0.25 0.30 1.37 0.5324 
10 0.39 0.24 2.68 0.3492 
 
The results obtained show that, while there are indications of a statistically significant 
difference in the results for sample no. 6 between the two analysts (P-value < 0.05), 
none of the other samples show any evidence of any difference between comparative 
samples. It may therefore be concluded that the two analysts produced the same results 
for the nine final feed samples using the method and instrument. 
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In order to evaluate whether the same analyst produced the same results over a period 
of time, a trend analysis was performed on the data generated by analyst 1 over all the 
days on which analyses were performed. Figure 5 shows the trend curves for samples 2 
to 10 over the various days. 
Figure 5 : Trend curves of data over time for analyst 1 
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To establish whether a significant trend in the starch measurements over time exists, it is 
only necessary to test if the gradients of the trend lines deviate significantly from zero. 
Table 10 below gives the p-values associated with the null hypothesis for this test, 
namely H0: βi=0, i=2, 3… 10. 
Table 10: Trend line slopes and associated p-values 
Sample bi p-value 
2 -0.003 0.739 
3 0.005 0.361 
4 0.011 0.061 
5 0.006 0.235 
6 0.010 0.351 
7 -0.007 0.233 
8 -0.009 0.215 
9 0.010 0.111 
10 0.009 0.387 
 
The results above indicate that there are no evidence that the slopes of the lines are any 
different from zero since no p-value is less than 0.05. It may therefore be concluded that 
the method as practised is repeatable over time. 
3.2.3.3 Reproducibility 
As stated previously, no tests on reproducibility was performed since another instrument 
with the same build-in calibration for starch at the calibrated levels for the specific 
chicken feed was not available. 
3.2.4 Range 
Due to the fact that the evaluation done during this work involved the evaluation of a 
method for starch analysis using a NIR instrument with a build-in calibration, it was not 
possible to evaluate the range over which the method is valid in the traditional manner. 
An attempt was, however, made to obtain some indication of the analytical range of the 
build-in calibration, by analysing the individual feed components that were used to 
produce the final feed batch, and then recalculating the starch content of the final feed 
using the starch values of the individual feed components. The rationale for this 
approach is that the starch values for the individual feed components vary from about 12 
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% to about 150 % of the starch content of the final feed, and if no statistically significant 
difference between the calculated starch value and the measured starch value could be 
found, then the method could be deemed valid over the range 12 % - 150 % of the 
specified starch value. 
For this analysis, the data for sample 1 (final feed samples) and the data for the day 9 
analyses (both final feed samples and feed component samples) were excluded from the 
analyses. The formulation specification sheet (details of which cannot be published due 
to company regulations) used for the manufacture of the final feed batch was usedto 
calculate the starch content of the final feed on every day the final feed samples and the 
feed component samples were analysed. These values were then compared with the 
averages of the starch contents over samples 2 – 10 of the final feed samples as 
determined by analyst 1 (Table 11). 
Table 11: Comparison of calculated and measured starch values 
Day 
Calculated 
Starch % 
Measured 
Starch % 
Day 
Calculated 
Starch % 
Measured 
Starch % 
12 39.84 41.293 23 40.38 41.178 
14 40.35 41.209 23 40.34 41.16 
16 40.07 41.488 23 40.30 41.103 
21 40.43 41.445 23 40.21 41.031 
21 40.32 41.354 28 40.09 41.408 
21 40.30 41.34 28 40.39 41.384 
21 40.20 41.296 28 40.50 41.335 
21 40.14 41.205 28 40.51 41.292 
22 40.12 41.257 28 40.41 41.234 
22 40.48 41.161 28 40.21 41.139 
22 40.44 41.133 30 40.72 41.336 
22 40.48 41.076 30 40.60 41.279 
22 40.30 40.988 30 40.54 41.33 
23 40.25 41.267 30 40.48 41.238 
 
Interestingly, while the individual data for the feed component analyses showed 
significant lack of normality, the calculated starch values (Table 11) showed no 
indication of non-normality (Figure 6). 
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Figure 6: Normal distribution plot – Calculated starch values 
 
 
 
This result means that for a comparison of the calculated versus measured starch 
values, a normal t-test (two sample assuming equal variances) could be applied. The 
hypothesis to be tested is: Ho: µcalc = µmeas. The results obtained (for the data collected 
by analyst 1) are summarised in Table 12. 
 
Table 12: t-Test: Two-Sample Assuming Equal Variances 
 Calculated Measured 
Mean 40.33125 41.26724 
Variance 0.029964 0.016726 
Observations 34 34 
Pooled Variance 0.023345  
Hypothesized Mean Difference 0  
Degrees of Freedom 66  
t Stat -25.2577  
P(T<=t) two-tail 1.22E-35  
t Critical two-tail 1.996564  
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that the two averages are the same, must be rejected. Also, on the hand of these 
findings it cannot be concluded that the method as applied is valid over the range 
evaluated, namely 12 – 150 % of the specified value. 
It is, however, interesting to note that the calculated mean value of the starch level 
(40.33 ± 0.35%) in the final feed mixture is still within the allowable range (39.69 % ± 
2.06%) and is somewhat closer to the specified value than the mean measured value 
(41.27 ± 0.26 %).  
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Addendum 1: Feed component NIR results 
Analyst Time 
(Days) 
Starch values (mass %) 
Comp 1 Comp 2 Comp 3 Comp 4 Calculated 
Starch for 
Final Feed 
Analyst 1 0 4.34 7.32 26.06 64.39 40.54 
Analyst 1 9 3.41 7.15 27.76 66.35 41.69 
Analyst 1 12 5.34 7.29 22.70 63.20 39.84 
Analyst 1 14 4.62 7.44 25.35 64.05 40.35 
Analyst 1 16 5.37 7.34 24.95 63.55 40.07 
Analyst 1 21 5.95 7.63 25.08 64.06 40.43 
Analyst 1 21 6.00 7.55 25.44 63.89 40.32 
Analyst 1 21 5.66 7.53 25.37 63.89 40.30 
Analyst 1 21 5.81 7.40 25.06 63.73 40.20 
Analyst 1 21 5.83 7.20 25.23 63.67 40.14 
Analyst 1 22 5.93 7.40 25.04 63.59 40.12 
Analyst 1 22 5.21 7.28 24.97 64.24 40.48 
Analyst 1 22 5.33 7.55 25.02 64.13 40.44 
Analyst 1 22 5.43 7.43 24.73 64.20 40.48 
Analyst 1 22 5.34 7.47 24.80 63.91 40.30 
Analyst 1 23 5.32 7.45 24.63 63.83 40.25 
Analyst 1 23 5.43 7.44 24.89 64.04 40.38 
Analyst 1 23 5.53 7.54 24.76 63.96 40.34 
Analyst 1 23 5.35 7.38 24.77 63.92 40.30 
Analyst 1 23 5.61 7.40 24.62 63.76 40.21 
Analyst 1 28 5.46 6.93 24.62 63.66 40.09 
Analyst 1 28 5.00 7.27 25.16 64.11 40.39 
Analyst 1 28 5.12 7.27 25.06 64.29 40.50 
Analyst 1 28 4.95 7.22 24.89 64.32 40.51 
Analyst 1 28 4.85 7.13 24.85 64.18 40.41 
Analyst 1 28 4.88 7.06 24.81 63.87 40.21 
Analyst 1 30 5.46 7.25 23.01 64.62 40.72 
Analyst 1 30 5.84 7.26 22.99 64.41 40.60 
Analyst 1 30 5.84 6.94 22.90 64.35 40.54 
Analyst 1 30 5.53 6.80 22.77 64.31 40.48 
Analyst 2 35 5.69 6.97 22.65 64.14 40.40 
Analyst 2 35 5.3 7.20 24.76 64.09 40.38 
Analyst 2 35 5.65 7.44 25.09 64.09 40.42 
Analyst 2 35 5.37 7.39 24.70 63.87 40.27 
Analyst 2 35 5.11 7.36 24.67 63.76 40.19 
Analyst 1 36 5.35 7.43 24.68 63.75 40.20 
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Addendum 2: Final feed NIR results 
Analyst Time 
Starch values (mass %) 
S 1 S 2 S 3 S 4 S 5 S 6 S 7 S 8 S 9 S 10 
An 1 0 42.79 41.51 40.25 41.76 41.20 40.97 41.38 40.95 40.43 40.73 
An 1 9 42.67 41.42 40.69 41.47 41.40 40.53 40.98 41.18 40.57 41.07 
An 1 12 43.04 41.41 40.69 41.68 41.21 40.97 40.98 41.07 40.91 40.97 
An 1 14 43.19 41.08 40.64 41.55 41.87 40.86 41.00 40.92 40.79 40.19 
An 1 16 43.24 41.70 41.20 41.38 41.38 41.49 41.34 41.54 40.93 40.68 
An 1 21 43.18 41.16 40.91 42.07 41.79 40.90 40.61 41.50 41.19 41.14 
An 1 21 43.25 40.94 40.71 42.01 41.56 40.85 40.60 41.49 41.21 40.92 
An 1 21 43.32 40.93 40.60 41.81 41.63 40.80 40.74 41.51 41.24 40.82 
An 1 21 43.04 40.86 40.81 41.97 41.58 40.74 40.48 41.63 41.09 40.76 
An 1 21 42.85 40.87 40.61 41.90 41.60 40.74 40.44 41.45 40.97 40.62 
An 1 22 43.07 41.26 40.80 41.70 41.50 40.51 40.74 40.89 41.02 41.08 
An 1 22 42.87 41.27 40.58 41.67 41.34 40.25 40.89 40.79 41.04 40.91 
An 1 22 42.79 40.93 40.50 41.79 41.51 40.32 40.69 40.88 41.16 40.76 
An 1 22 42.73 41.21 40.34 41.53 41.30 40.27 40.89 40.79 40.80 40.90 
An 1 22 42.53 40.99 40.34 41.59 41.27 40.12 40.67 40.77 40.67 40.93 
An 1 23 43.21 41.31 40.74 41.44 41.71 40.40 41.20 41.06 41.25 40.35 
An 1 23 43.10 41.15 40.74 41.29 41.77 40.17 41.06 40.92 41.16 40.42 
An 1 23 42.97 41.16 40.62 41.41 41.72 40.35 41.07 40.90 41.10 40.30 
An 1 23 42.97 40.98 40.77 41.33 41.73 40.08 41.07 40.90 41.02 40.18 
An 1 23 42.83 40.98 40.68 41.22 41.77 39.96 40.80 40.74 41.10 40.23 
An 1 28 42.97 41.87 40.51 41.92 41.63 40.77 41.08 40.99 40.89 41.45 
An 1 28 43.03 41.65 40.43 41.79 41.60 40.99 41.02 41.07 40.74 41.52 
An 1 28 42.99 41.64 40.46 41.85 41.33 41.07 40.95 41.05 40.68 41.33 
An 1 28 42.90 41.54 40.58 41.82 41.43 40.81 40.98 40.90 40.68 41.28 
An 1 28 42.84 41.60 40.35 41.89 41.43 40.65 40.91 41.04 40.43 41.20 
An 1 28 42.61 41.47 40.25 41.76 41.49 40.66 40.63 40.85 40.48 41.19 
An 1 30 43.27 40.97 40.90 41.83 41.50 41.10 40.92 41.25 41.15 40.47 
An 1 30 43.16 40.85 40.76 41.71 41.44 41.35 40.85 41.16 41.13 40.38 
An 1 30 43.17 40.93 40.76 41.89 41.41 41.45 40.87 41.11 41.07 40.64 
An 1 30 43.09 40.95 40.92 41.94 41.41 41.21 40.77 40.96 40.84 40.29 
An 2 35 43.57 41.89 40.94 42.24 41.46 40.85 40.77 41.37 40.84 41.31 
An 2 35 43.65 41.67 40.98 42.23 41.51 40.81 40.73 41.31 40.34 41.09 
An 2 35 43.60 41.26 40.77 42.17 41.23 40.87 40.65 41.22 40.21 40.88 
An 2 35 43.53 41.22 40.76 42.21 41.27 40.64 40.62 41.20 40.30 40.87 
An 2 35 43.36 41.42 40.81 42.02 41.08 40.59 40.57 41.11 40.05 40.68 
An 1 36 42.79 41.42 41.05 42.14 41.66 41.32 41.13 40.43 41.31 41.29 
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Addendum 3: Final feed enzymatic results 
 
Sample Name % Starch (Enzymatic) 
Outsourced 1 39.93 
Outsourced 2 39.93 
Outsourced 3 39.93 
Outsourced 4 39.93 
Outsourced 5 39.93 
Outsourced 6 39.93 
Outsourced 7 39.93 
Outsourced 8 39.93 
Outsourced 9 39.93 
Outsourced 10 39.93 
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Chapter 4 
 
Business Case 
 
 
4.1 Introduction 
 
The purpose of this section of the treatise is to examine the financial advantages (or 
otherwise) of using in-house NIR analysis for the analyses of the final poultry feed 
products as compared to outsourcing such analyses. Two scenarios are considered, 
namely outsourcing analyses for wet chemical analysis (enzymatic method), and 
outsourcing for NIR analysis. These scenarios are compared to the estimated costs of 
in-house NIR analysis. 
 
 
4.2 Outsourcing costs 
 
The average costs for wet chemical analysis (obtained as an average of the costs per 
sample over the financial period April 2009 – March 2010) were R902.00 per sample. 
This figure includes both the external laboratory‟s costs and costs associated with 
sample transport to the external laboratory. 
 
While no actual figures are available for outsourcing for NIR analysis, estimates 
obtained37  were in the order of R245.00 per sample.  
 
On average, the company routinely tests around 350 manufacturing samples of finished 
feed product per month, which translates into a monthly cash outflow of R315 700. For 
outsourced NIR analysis, this costs would be significantly reduced (based on the 
estimated R245.00 per sample) to R85 750 per month.  
 
 
4.3 In-house NIR analysis costs 
 
The in-house NIR analytical costs were estimated by taking the following cost elements 
into consideration: 
54 
 
 Instrument maintenance costs: These include routine replacements (lamps and 
filters) as well as costs associated with an annual service contract for the 
instrument. 
 Operational costs: These include the full analyst (operator) cost per annum (even 
though the analyst may also perform other functions), instrument time costs, 
instrument and other consumable costs, and waste disposal costs. 
 
In order to do a direct cost comparison between in-house and outsourced analysis costs 
it was assumed that the same amount of samples would be performed by in-house 
analysis as has been outsourced for analysis. 
 
Table 13: Summarises of costs associated with the various cost elements identified 
above. 
Inputs Amount 
No of samples (per year)1 4200.00 
Instrument depreciation period (years) 5.00 
Instrument purchase cost 401899.00 
  
Instrument Maintenance 35000.00 
Replacement lamp (1/year) 7250.00 
Replacement filter (1/year) 350.00 
Service contract fee (per year) 20000.00 
Service technician S&T costs (per year) 7400.00 
  
Operating costs 330400.69 
Analyst costs (per year)2 144000.00 
Instrument costs (per year)3 19.14 
Instrument consumables (per year) 7600.00 
Laboratory consumables (per year)4 170831.88 
Waste disposal costs (per year) 7949.67 
  
In-House NIR analytical cost (per sample) 87.00 
Explanatory Notes to Table: 1. No of samples assumed to be equal to number of 
outsourced samples for comparison; 2. Full cost of one analyst;  3. Calculated as the 
depreciation amount per year divided by the number of samples analysed per year; 
4.Laboratory consumables purchased for the financial period April 2009 – March 2010. 
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4.4 Discussion 
 
The results show that outsourcing costs (R902.00 per sample for wet chemical analysis 
and R245.00 per sample for NIR analysis) are significantly higher than the estimated in-
house NIR analysis cost per sample of R87.00 per sample. This implies that the use of 
the NIR analysis in-house result in a substantial saving for the company in terms of 
monetary value (from ca. R3.8 million per year for outsourcing for wet chemical analysis 
to about R365 K for in-house analysis). In addition, turn-around times for analyses are 
significantly improved which means that the company can detect any problems much 
faster and act upon them before they result in significant expenditures. 
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Chapter 5 
 
Concluding remarks 
 
 
In an attempt to reduce the costs and turn-around times experienced with outsourcing 
starch analysis in finished feed products, the company decided to invest in a NIR 
instrument to carry out such analyses in-house. The particular instrument purchased by 
the company comes with a build-in calibration for specific finished feed products. The 
build-in calibration is based on a large number of similar starch analyses from a wide 
range of sources, and as such should provide reliable and accurate determinations to be 
made. The main objective of this investigation was, therefore, to evaluate the said 
methodology and instrumentation for the analysis of a finished poultry feed in terms of 
the accuracy and precision of the methodology. 
 
The methodology followed for this investigation was to obtain multiple samples from a 
single manufacturing batch of the finished feed to be investigated, and to subject these 
samples to various tests and comparisons that included both NIR analyses and analysis 
by means of the current industry standard method, namely enzymatic determination of 
starch. In addition, the individual feed components that make up the finished feed 
product were also sampled and analysed alongside the finished feed samples to allow a 
comparison between a calculated starch content (by using the starch results from the 
feed components) and the actual measured starch values. 
 
The results obtained during the research may be summarised as follows: 
 
 Data generated by NIR analysis of the final feed samples were normally 
distributed and could be analysed by normal statistical methods. The results of 
the starch analysis of the individual feed components were, however, shown not 
to be normally distributed. Calculated values for the final feed sample using the 
starch values of the individual feed components and the formulation specification 
values for the feed were, however, normally distributed which allowed a direct 
comparison with actual measured values. 
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 The results for the evaluation of the accuracy of the NIR procedure showed that 
the NIR results obtained have a positive bias compared to the theoretical 
(formulation specified value) and also to the value obtained by enzymatic starch 
analysis. Despite this bias, the starch values obtained were well within the 
allowable limits for starch analysis and the NIR procedure could therefore be 
deemed to be accurate. 
 Precision of the NIR procedure were evaluated in terms of the repeatability and 
the intermediate precision of the procedure. Repeatability measurements on the 
data generated by two different analysts showed that while the percentage 
relative standard deviations obtained (< 1.0 %) were well within the company 
specifications of % RSD < 5.0 %, the inter-sample repeatability showed small, 
but significant variation. Such variations for NIR analyses are most likely due to 
selectivity in measurement due to the small analytical focus area within the 
analytical sample during measurements. It is therefore recommended that future 
standard operating procedures be modified to include rotation of the analytical 
sample during measurement to allow more representative measurements to be 
made. 
 The intermediate precision (also known as in-house analytical precision) was 
evaluated by comparing the results obtained by two different analysts for the 
same analytical samples and using the same instrument. The results of the 
evaluation shown that there is no statistically significant difference between the 
results obtained by the two analysts. In addition, intermediate precision was 
further evaluated by evaluating the results obtained for the same analytical 
samples over a long time frame. The results of the trend analysis done for the 
effect of time showed that there is no effect and the analyst produced the same 
result on day 0 as on day 30.  
 Reproducibility, which is normally evaluated as inter-laboratory precision, could 
not be evaluated due to the lack of another instrument within the company that 
were similarly set-up as the instrument used for the investigation. 
 The comparison between the calculated starch values by using the results of the 
starch analysis of the individual feed components with the measured starch value 
of the final feed showed a small, yet statistically significant difference between 
the results. As a result, it could not be concluded that the NIR procedure is valid 
in the analytical range 12 – 150 % of the specified starch value. The calculated 
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starch result was, however, also with the specified range, and was somewhat 
closer to the theoretical value that the mean measured value of the final feed. 
 
This investigation has shown that, given the restrictions enforced by the build-in 
calibration of the NIR instrument, the use of NIR for the analyses of the finished feed 
product is valid, but will require that careful attention be paid to data collection 
procedures. The methodology will enable the company to: 
 Decrease the turnaround time for results; 
 Meet regulatory requirements; and 
 Reduce running costs associated feed analyses. 
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